Corn starch was better both in the amount of bacteria attached per unit weight of starch and in easiness of handling than other starches from different origin as adsorbent for bacterial attachment. The attachment of bacteria to starch occurred shortly after the addition of starch granules, and a maximum attachment was attained after further 5-min incubation at 38°. The amount of bacteria attached to starch granules was approximately proportional to the quantity of granules added until 2.5 % in weight per volume. Effect of environmental factors on the attachment of rumen bacteria to starch was examined. The attachment of bacteria to starch was maximal in a medium containing sodium carbonate above 0.15 %. Carbon dioxide as gas phase was far better in the attachment of bacteria to starch than hydrogen and nitrogen gases. There existed bacteria capable of attaching to starch even at 4° or for the first time at above 30°. The amount of bacteria attached to starch was small at 4° and more abundant at 38°. A trial was made to elute bacteria attached to starch granules first with a salt solution and subsequently with Formalin. The results obtained showed that bacteria attached to starch, excepting those attached at 4°, included the following three types of bacteria. The bacteria of the first type were those loosely attaching to starch, that were eluted easily with a salt solution. The bacteria of the second type were those firmly attached and were eluted for the first time with Formalin. The bacteria of the third type were those with irreversibly attaching ability, that were not eluted even with Formalin. The most characteristic properties of bacteria attached to starch were their amylase and urease activities. The specific amylase activity of bacteria attached to starch was remarkably high, compared with that of non-attached bacteria. There was little or no specific urease activity of attached 259
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The actual role of bacteria which are apt to attach to starch in the rumen in situ is also discussed.
In the study of a microbial ecosystem, it is important to clarify a microflora of the ecosystem. The anaerobic roll tube method developed by HUNGATE (1) to investigate the rumen microflora has not only made a progress in the studies in this field, but also has been making a valuable contribution to the advancement of researches on microflora of other microbial ecosystems. However, the recoveries of bacteria caught into test tubes by the roll tube method are usually low, and moreover it requires a great deal of time and labor to complete studies by this method. Therefore, it is not necessarily suitable to follow the behavior of bacteria in a natural ecosystem by the roll tube method (2, 3) .
If the technique of fractionating bacteria in an ecosystem into some characteristic groups is developed, the research technique, along with the method mentioned above, will contribute much to studies on the behavior of bacteria in natural ecosystem. In addition, the research technique will contribute to the analysis of the metabolic activity of bacteria in an ecosystem. In this respect, a method worthy of trial will be a fractionation of bacteria by utilizing the attaching ability of bacteria to solid substrates. On the basis of the BAKER'S finding (4) that there exist many bacteria attached to digesta solids in the alimentary tract of animals, MINATO et al. (S) reported preliminarily the observation that a part of members of rumen bacteria attached to starch granules or cellulose powder added in vitro.
In this report, we describe the results investigated in detail on the influence of environmental factors on the attachment of rumen bacteria to starch granules, and on the conditions necessary for elution of bacteria attached to starch granules.
MATERIALS AND METHODS
Sources of rumen content. Throughout the examination of environmental factors necessary for the attachment of bacteria to starch granules, rumen content as a source of bacteria was obtained through a rumen fistula before morning feeding from the same cattle. Concentrate and roughage were fed to the cattle twice a day in the morning and evening.
To examine the elution of bacteria attached to starch granules with salt solutions, rumen content as a source of bacteria was collected both from slaughtered cattle in a slaughter-house of Tachikawa Meat Co., Tokyo, and from cattle in our Institute.
Starch granules as materials for bacterial attachment. Corn (Zea mays) starch, wheat (Triticum aestivum) starch, sweet potato starch, and potato starch were supplied through a good offices of Dr. A. Endo, Chiba Milling Co., Chiba, and rice starch and tapioca starch through the kindness of Dr. K. Kainuma, Food Research Institute, Ministry of Agriculture and Forestry, Tokyo. Preparation of bacterial fraction from rumen content. Rumen content centrifuged at 700 x g (2,500 rpm) for 5 min to remove protozoa and particulate materials. The resulting supernatant portion containing bacteria and rumen liquor was called "rumen liquid." Washed bacterial suspensions were prepared as follows : The rumen liquid was centrifuged at 17,000 x g (12,000 rpm) for 10 min at 4°, and the sediment was washed three times in the salt solution, which was identical with "anaerobic dilution solution" described by BRYANT and BURKEY (6) . The washed bacteria were resuspended in the salt solution or in a sterile clarified rumen liquor of the original volume. The clarified rumen liquor was prepared according to the method described earlier (5) .
An attachment test of rumen bacteria to starch granules. 25 ml of rumen liquid or bacterial suspension containing washed rumen bacteria was introduced into the test tube equipped with a rubber stopper in which two glass tubes for inlet and outlet of gas were inserted.
After bacterial suspensions were preincubated at 38° for 10 min under the stream of oxygen-free CO2 gas, a given amount of starch granules was added to them and incubation was continued for further 10 min. The bacterial suspension, which was treated under similar conditions as above without the addition of granules, was used as a control. After incubation, both the mixture and the bacterial suspension as control were centrifuged at 250 x g for 2 min at room temperature to settle the granules. Aliquots of the supernatant portion were diluted in saline to an appropriate concentration. Concentration of the diluted bacterial suspensions was determined by measuring its absorbancy at 400 nm in Shimadzu QR-50 spectrophotometer, using a 1-cm cell (E4oo ). The percentage of bacteria attached to starch to total bacteria was calculated by the following equation :
Amount of bacteria attached to starch (%)=(1-CS x VS/C~ X V) x 100, where CS and VS indicate concentration of bacteria and volume of supernatant portion in the system treated with starch granules, and C~ and V~, the concentration of bacteria and volume of supernatant portion in the control.
Elution of bacteria attached to starch granules. Rumen content, in which the percentage of bacteria attached to starch granules to total bacteria was above 15 %, was employed as starting materials for this examination. When the starch granules were added to rumen liquid prewarmed at 38°, usually bulky flocs of the granules were formed. On the other hand, when the same rumen liquid, pretreated with starch granules at 4°, was incubated with other starch granules at 38°, flocs of the granules formed were smaller (Fig. 1) . Nevertheless, in most cases there were no significant differences in the percentage of bacteria attached to starch to total bacteria in the rumen liquid before and after the pretreatment with starch granules at 4°. Small flocs of the granules facilitated the following procedures of elution of bacteria attached to starch. Consequently, bacteria, which were made to attach to starch granules, were those in the rumen liquid pretreated with other granules at 4°. All procedures for elution of bacteria were carried out under the stream of oxygen-free C02 gas. After 25 ml of the rumen liquid was precooled at 4° for 10 min, 1.75 g of corn starch granules was added to it and cooling was continued for further 10 min. After that, the mixture was centrifuged at 250 x g for 2 min at 4°, and 20 ml of the resulting supernatant was introduced into the centrifuge tube (polycarbonate), equipped with a rubber stopper in which two glass tubes for inlet and outlet of gas were inserted. After the pretreated rumen liquid was incubated for 5 min at 38°, 1 g of corn starch granules was added to it, and incubation was continued for further 5 min. Then, the mixture was centrifuged at 300 x g for 1 min to separate the supernatant and sediment. After the sediment was suspended in 20 ml of a salt solution and the mixture was incubated with bubbling of C02 gas for 5 min, the mixture was centrifuged at 300>< g for 1 min. The elution of bacteria attached to starch with salt solution was repeated 8 times. The sediment, containing bacteria undetached through these elution processes, was suspended in 20 ml of saline containing 2 % Formalin (Wako Pure Chemical Industries, Tokyo). Hereafter, saline containing 2 % Formalin will be called Formalin for the sake of brevity. After the mixture was incubated at 38° for 5 min, the mixture was centrifuged at 300 x g for 1 min, Elution processes of attached bacteria with Formalin were repeated 3 to 5 times. The amount of bacteria in rumen liquid before and after the treatment with starch granules and that of bacteria eluted through each elution process were determined by photometer according to the method described above. The elution curve of bacteria was expressed by plotting a percentage of those eluted at each elution process to total bacteria, containing both of those which actually attached to starch and of those which existed in space among starch granules. Determination of hydrolases activities of washed bacteria. Bacteria in the rumen liquid were harvested by centrifugation. The harvested bacteria were washed three times with saline by centrifugation and resuspended in saline of the original volume. The washed bacterial suspensions were diluted in saline to under McFarland No. 10, using a spectrophotometer, and then they were assayed for hydrolases activities.
1) Determination of a-amylase activity. The amylase activity of bacteria was determined mainly according to the Blue Value method of FUWA (7). The reaction mixture contained 1.0 ml of 0.2 % amylose (Nagase Co., Osaka), 0.5 ml of 0.1 M sodium phosphate buffer (pH 6), and 0.5 ml of bacterial suspension. Incubation was carried out at 38°. After 0, 10, 20, and 30 min of incubation, samples of 0.4 ml of the reaction mixture were pipetted out and 1 ml of 0.5 N acetic acid was added to stop the reaction. The amount of amylose hydrolysed was determined from the decrease of extinction value at 700 nm in color reaction with iodine.
2) Determination of acid and alkaline phosphatase activity. For the determination of acid and alkaline phosphatases, 0.1 M acetate buffer (pH 4.5) and 0.1 M Tris-HC1 buffer (pH 9), respectively, were employed. The reaction mixture contained 0.2 ml of 0.5 % aqueous solution of disodium p-nitrophenyl phosphate (Seikagaku Kogyo Co., Tokyo), 0.4 ml of 0.1 M buffer, and 0.2 ml of bacterial suspension. After a 30-min incubation at 38°, the reaction was stopped by adding 2 ml of 0.1 M NaOH. The reaction mixture with 2 ml of 0.1 M NaOH added before incubation was used as blank. The reaction mixtures were centrifuged, and the amount of p-nitrophenol liberated in the resulting supernatant liquor was determined from the extinction value at 420 nm. A unit of phosphatase activity was expressed as ,umol of p-nitrophenol liberated per 1 ml of bacterial suspension of McFarland No. 10 per 30 min at 38°.
3) Determination of j3-glucosidase activity. The reaction mixture contained 0.25 ml of 0.12 %; aqueous solution of p-nitrophenyl-40-D-glucoside (Sigma Chemical Co., U. S. A.), 0.5 ml of 0.1 M acetate buffer (pH 5), 0.05 ml of toluene, and 0.25 ml of the bacterial suspension. After a 30 min incubation at 38°, the reaction was stopped by adding 2 ml of 0.1 M NaOH. After centrifugation of the mixture, determination of the amount of p-nitrophenol liberated in the supernatant liquor and expression of a unit of ~-glucosidase activity were the same as those described for the determination of phosphatase activity.
4) Determination of unease activity. The activity of urease was determined by the amount of ammonia produced after incubation of bacteria with urea. The reaction mixture contained 0.5 ml of 1 % aqueous solution of urea, 0.5 ml of 0.1 M sodium phosphate buffer (pH 8), and 0.5 ml of the bacterial suspension. The reaction mixture containing water instead of urea solution was used as a control. After a 20 min incubation at 38°, the reaction was stopped by adding 0.25 ml of 2 N H2SO4, and the reaction mixture was neutralized by the addition of 0.25 ml of 2 N NaOH and centrifuged. The amount of ammonia released in the supernatant liquor was measured by colorimeter according to the Phenate-hypochlorite method of KAPLAN (8) .
A unit of urease activity was expressed as umol of NH3 released per 1 ml of bacterial suspension of McFarland No. 10 per 30 min at 38°.
5) Determination of protease activity. The reaction mixture contained 1.0 ml of 1.2 % milk casein (Merck & Co., Inc, u. S. A.) dissolved in 0.05 M sodium phosphate buffer (pH 7) and 1 ml of the bacterial suspension. After 2 hr of incubation at 38°, the reaction was stopped by adding 0.2 ml of HC104. A reaction mixture, with 0.2 ml of HC104 added before incubation, was used as a control. The tubes were centrifuged and the amount of tyrosine liberated in the supernatant liquor was estimated by the F0uN's method (9) .
A unit of protease activity was expressed as ,ug of tyrosine liberated per 1 ml of bacterial suspension of McFarland No. 10 per 30 min at 38°.
Differential counting method of rumen bacteria by direct microscopic examination. Fresh materials such as rumen liquid or washed bacterial suspension were fixed in saline containing 10 % Formalin. The suspension fixed in Formalin was shaken vigorously by hand for 2 min and allowed to stand for 10 min. A part of the supernatant was diluted to McFarland No. 1 in saline, previously prepared by filtering through a membrane filter (0.22 nm pore size; Millipore Corp., U. S. A.), and 0.5 ml of the diluted suspension and an equal volume of 0.2 % agar (Wako Pure Chemical Industries, Tokyo) solution, prepared previously by filtering through a membrane filter (0.45 nm pore size) while being kept warm after the addition of 0.1 mg sodium merthiolate per ml, were thoroughly mixed. This mixture was taken into a dropping pipette used in the CF test for diagnosis and one drop of 0.02 ml of the mixture was dropped on a cleaned slide glass. After the circular drop was air dried in a dust-free place, it was stained by Hucker's modification of the Gram's method (10) . Distribution of bacteria in the stained film was comparatively uni- Table 1 . A scheme for the microscopic identification of rumen bacteria.
form and there was no gathering of them to the edge of the agar film. The stained film was observed with a Leitz ortholux microscope at 1,000 magnification. Five fields of view of the microscope, which divided a line connecting the center point of the stained film to its edge into six equal parts, were photographed through the microscope. After that, the photomicrographs were printed on printing papers of a card-size (12>< 8.3 cm). The differential count of bacteria which appeared in each photomicrograph was carried out, employing a diagram made up for identification of them on the basis of their size, shape, and gram reactions ( Table 1) . About 100 to 200 bacteria were counted per one photomicrograph. A total number of bacteria counted in five photomicrographs was summed and percentages of each type to a total were calculated.
RESULTS
Comparison of the amount of bacteria attached to starch granules from different origins Starch granules are different according to their origins not only in morphology but also in physicochemical properties. An attempt was made to compare the amount of bacteria attached to starch from different origins by using the same bacterial suspension. The amount of attached bacteria was maximum in rice starch, and abundant in wheat starch and corn starch. Sweet potato starch, potato starch, and tapioca starch were inferior as an adsorbent for bacterial attachment to the above three kinds of starches (Table 2) .
Starch granules examined became smaller in the order of potato starch, wheat starch, tapioca starch, corn starch, sweet potato starch, and rice starch.
Consequently, there was no definite relationship between the granular size of starch and the amount of bacteria attached to starch granules.
To carry out further examination on the attachment of bacteria to starch, Relationship between the quantity of starch granules added and the amount of bacteria attached to them The amount of attached bacteria was approximately proportional to the quantity of starch granules added until 2.5 % in weight per volume. When starch granules were added to bacterial suspension and amounted to 5%, the amount of bacteria attached to them became saturated (Fig. 2) . If the quantity of starch added is increased to more than 10 %, the mixture became difficult to handle.
In another experiment, an attempt was made to examine how a total amount of removed bacteria changed by repeating the treatment with starch granules (5 in weight per volume). The bacteria apt to attach to starch in the rumen liquid were almost wholly removed by the first treatment (about 18 %) and a very small amount of those was removed by the second treatment (about 2%). There were no remaining bacteria capable of attaching to starch after the second treatment.
Time course of the attachment of bacteria to starch granules
The attachment of bacteria to starch granules occurred shortly after the addition of granules to bacterial suspension. However, the incubation period for 5 min at 38° was required until maximum attachment of bacteria to starch was attained. After 10 min of incubation, the amount of attached bacteria settled down to a stable level, and, 2 hr after incubation, the amount of attached bacteria decreased (Fig. 3) . This decrease would be accounted for by the detachment of bacteria which attached once to starch.
Influence of environmental factors on the attachment of bacteria to starch granules Before the examination for the influence of ingredients contained in the medium on attachment of bacteria to starch, attaching ability of both bacteria in the rumen liquid itself and those washed, prepared from the same rumen liquid, was compared. The attaching ability of washed bacteria, suspended in salt solution or sterile clarified rumen liquor, to starch was not significantly different from that of bacteria in the rumen liquid. a) Reducing agents. Bacteria suspended in a medium containing organic reducing agent such as cysteine and ascorbic acid showed the same attaching ability to starch as those in the rumen liquid itself. The attaching ability of bacteria suspended in a medium containing inorganic reducing agent such as sodium sulfide and sodium dithionite was rather inhibited. The inhibition of sodium sulfide on the attachment of bacteria to starch was cancelled by the addition of cysteine. The inhibition of sodium dithionite on the attachment, however, was not recovered by the addition of cysteine. There has been no evidence so far to explain the effect of stimulation and inhibition of these reducing agents on the attachment of bacteria to starch (Table 3) . b) pH. The attaching ability of bacteria suspended in media at various pH values was compared. Since bacteria suspended in media at pH values below 5 were often apt to clump, no accurate percentage of bacteria attached to starch to total bacteria could be determined. At pH values between 6 and 7, the attaching ability of bacteria to starch was maximum. As the pH value of the suspending Washed rumen bacteria, suspended in sterile clarified rumen liquor, were incubated at 38° for various lengths of time in a stream of C02 after the addition of 5 % corn starch granules. The amount of bacteria attached to starch was determined as described in MATERIALS AND METHODS.
VOL. 22 medium increased to above 7, there was a decline in the attaching ability of bacteria to starch. At pH 10, the percentage of attached bacteria was no more than 4 %. c) Gas phase. The attaching ability of bacteria suspended in a medium containing sodium carbonate was not influenced by the difference between CO2 and N2 as a gas phase. On the other hand, CO2 as a gas phase was more effective than H2 or N2 on the increase in the attaching ability of bacteria suspended in the medium without sodium carbonate (Table 4) . d) Sodium carbonate concentration. It was found that the attaching ability of bacteria to starch was increased in the presence of sodium carbonate in the Table 3 . Effect of reducing agents on the attachment of rumen bacteria to starch granules. Table 4 . Influence of gas phases on the attachment of rumen bacteria to starch granules. medium, as mentioned above. Therefore, an attempt was made to examine the relation between the concentration of sodium carbonate in the suspending medium and the attaching ability of bacteria to starch. A small amount of bacteria could attach to starch in the medium without sodium carbonate. When the concentration of sodium carbonate in the medium was between 0.075 and 0.15 %, the attaching ability of bacteria to starch increased with the concentration of sodium carbonate in the medium. Even though the concentration of sodium carbonate in the medium was increased to above 0.15 %, the attaching ability of bacteria to starch did not increase any further (Fig. 4) .
The attaching ability of bacteria suspended in the media containing various concentrations of sodium chloride instead of sodium carbonate was compared. Even though the concentration of sodium chloride in the medium was increased up to 1 %, the attaching ability of bacteria to starch did not increase so much. Accordingly, the increase in the attaching ability of bacteria in the presence of sodium carbonate in the medium would not be due to sodium but rather due to carbonate. e) Temperature. The temperature of bacterial suspension had a very profound effect on the attachment of bacteria to starch (Fig. 5) . At a temperature below 20°, in one trial, there was no attachment of bacteria to starch, and in another trial there was attachment though the amount of bacteria attached to starch was small. At a temperature above 20°, the amount of bacteria attached to starch increased as the temperature of the suspension was raised. When the rumen liquid was incubated at above 50° without the addition of starch, there was reduction of 10 to 20% in turbidity of the liquid during incubation. Therefore, at above 50°, the accurate amount of bacteria attached to starch could not be determined.
Activity of several hydrolases of bacteria attached to starch
For the purpose of obtaining an information on some characteristics of bacteria attached to starch, an attempt was made to examine the specific activity of several hydrolases of attached bacteria. The specific amylase activity of bacteria attached to starch was remarkably higher than that of non-attached bacteria. Conversely, bacteria in the rumen liquid exhibited high urease activities of 5.0 to 9.5 units, while there was little or no urease activity of bacteria attached to starch. There was no significant difference in the specific activities of /3-glucosidase, phosphatases, and protease between bacteria attached and non-attached to starch (Table 5) .
In another experiment, both the amount of bacteria removed and that of amylase activity of bacteria lost from the rumen liquid after the treatment with starch granules at various temperatures were also examined. In one trial, though there was no reduction in turbidity of the rumen liquid after the treatment with starch granules at 4°, a considerable loss of amylase of bacteria in the liquid was observed. There has been no evidence given so far to explain this phenomenon. As a Rumen liquid was incubated at varying temperatures for 10 min after the addition of 5 % corn starch granules. The amount of bacteria attached to starch was determined as described in MATERIALS AND METHODS. simple approach, the specific amylase activity of attached bacteria was calculated by substracting a total amylase of bacteria lost during the treatment with starch at 4° from that of bacteria lost after the treatment with starch at 3$°. The specific amylase activity of attached bacteria was higher by 1.5 to 3.9 times than that of original bacteria.
Elution curves of bacteria attached to starch granules An attempt was made to elute bacteria attached to starch with a salt solution and subsequently with 2 % Formalin. The elution curves of bacteria attached to starch were examined, using a number of samples collected from a slaughterhouse. They were compared with each other and classified into four types (Fig. 6) .
The first type was a pattern showing that both bacteria actually attached to starch granules and those contained in spaces among the granules were mostly recovered after the elution with a salt solution. The second type was a pattern showing that bacteria contained in spaces among starch granules continued to be eluted slowly by repeating the elution with a salt solution, but bacteria attached to starch were not eluted even after treatment with Formalin. The third type was a pattern showing that bacteria contained in spaces among starch granules were mostly eluted after treatment with a salt solution, and most of bacteria attached to starch were eluted after treatment with Formalin. The fourth type was a pattern showing that most of bacteria contained in spaces among starch granules were eluted, together with a part of bacteria attached to starch, after treatment with a salt solution, and the remainder of attached bacteria included both of detachable and undetachable bacteria by treatment with Formalin. Morphological features of bacteria attached to starch granules Samples, which were collected from a slaughter-house and abundant in the amount of bacteria eluted after the treatment with Formalin among attached bacteria to starch, were used for this examination. For each sample, the constitution of bacteria eluted with Formalin among those attached to starch was examined by a direct microscopic method, together with that of bacteria in the original sample.
In the original samples, the most predominant group was gram-negative cocci. When the patterns of the constitution of bacteria eluted with Formalin were compared with each other, they were similar to one of three types exhibited in Fig. 7 . In the first type, gram-negative rods and gram-negative cocci were the chief dominant groups among bacteria eluted with Formalin. In the second type, gramnegative oval rods and gram-variable cocci were the chief dominant groups. In the third type, gram-negative rods, gram-negative cocci, and gram-positive cocci were the chief dominant groups. However, the constitution of bacteria eluted with Formalin among those attached to starch was different in detail among the samples. The constitution of bacteria in the rumen content of the same cattle fed on a constant ration was examined on every other day, together with that of bacteria See Table 1 attached to starch in them (Fig. 8) . The constitution of both bacteria in the original sample and those attached to starch in it was relatively constant through the experimental period. However, the percentages of bacteria attached to starch to total bacteria differed slightly according to the day examined.
DISCUSSION
A trial was made for developing a technique for fractionation of bacteria in the rumen microbial ecosystem by utilizing the attaching ability of some bacteria to solid substrates. Starch granules were employed as one of the solid substrates in the present investigation. In the first place, the conditions necessary for the attachment of rumen bacteria to starch granules were investigated in detail. One of the interesting phenomena was the fact that the concentration of sodium carbonate in the suspending medium greatly affected the attachment of bacteria to starch. In the medium which did not contain the carbonate at all, attachment of bacteria to starch was small. In the medium containing 0.15 % of sodium carbonate by weight per volume, attachment of bacteria to starch was maximum. The fact that the carbonate concentration of 0.15 % sodium carbonate solution equilibrates with the gas phase of partial pressure of 50 % CO2 is worth noting. Since the gas phase in rumen is usually higher than the partial pressure of 50 % C02, its environment turns out to be a desirable condition for rumen bacteria to attach to starch. Furthermore, we have to point out here that, as for bacteria isolated from bovine rumen and possessing the ability to attach to starch, the concentration of sodium carbonate in the medium did not determine the kind of bacteria attached to starch, but the amount of attached bacteria (11) .
Another interesting phenomenon was the result on the influence of reaction temperature on the attachment of bacteria to starch. Occasionally, the attachment of bacteria to starch at the reaction temperature of 4° was observed, even though the amount of attached bacteria was small. At above 30°, the amount of bacteria attached to starch increased with reaction temperature and the maximal attachment of bacteria to starch was attained at 38°. In addition, according to the results obtained by us some of bacteria isolated from bovine rumen attached to starch at 4° and most of bacteria possessing the attaching ability to starch by nature did not attach below 30° (10) . These results suggest that bacteria capable of attaching to starch at 4° may be different in type from those capable of attaching to starch at above 30°. Therefore, by measuring spectrophotometrically reduction in turbidity of the rumen liquid after treatment with starch granules at 4° and 38°, it will be possible to obtain the information on rough percentages of bacteria capable of attaching to starch at both temperatures. However, since the constitution of bacteria attached to starch at 38° were greatly different on direct microscopic examination from sample to sample (Fig. 7) , it is impossible to obtain the information on the kind of bacteria attached to starch only by this method.
It may be conclusively mentioned that the technique of the treatment of rumen bacteria with starch granules becomes useful as a means of removing bacteria capable of attaching to starch from total bacteria.
After the rumen liquid, pretreated with starch granules at 4°, was incubated with other starch granules at 38°, a trial was made to elute bacteria attached to them with a salt solution and subsequently with Formalin. This pretreatment of the rumen liquid assured the formation of small flocs of the starch granules and facilitated the elution of bacteria attached to them. On the other hand, this pretreatment excluded the possibility of existence of bacteria capable of attaching to starch at 4°. The elution curves of attached bacteria showed that the following three types of bacteria were included in bacteria attached to starch under these conditions. Bacteria of the first type were those that could be easily eluted with a salt solution and possessing loosely attaching ability to starch. Those that could be eluted only with Formalin and possessing firmly attaching ability to starch were of the second type. Those of the third type were those that could not be eluted even with Formalin and possessing irreversibly attaching ability to starch. Nevertheless, after starchy foodstuff was completely digested in vivo, a large part of bacteria possessing irreversibly attaching ability would be liberated in a free state.
It was assumed that the amount of bacteria incapable of attaching to starch contaminating those recovered through the elution process with Formalin would be very small. The constitution of attached bacteria eluted with Formalin, employing samples collected from a slaughter-house, was compared by direct microscopic examination. The shapes of the predominant bacteria eluted with Formalin were different from sample to sample, as mentioned above. On the other hand, when the same cattle was examined for the content of rumen on every other day, the constitution of bacteria eluted with Formalin was relatively constant during the term of trial. From these results, it may be mentioned that the constitution of bacteria will be known partly by examining the elution curve of bacteria attached to starch with a salt solution and next with Formalin. However, since the technique is greatly tedious and time-consuming, it is difficult to adopt it promptly as a means of pursuing behaviors of bacteria in bovine rumen.
The amount of bacteria capable of attaching to starch in the rumen liquids employed in the present investigation accounted for 10 to 30% of total bacteria. Furthermore, the specific amylase activity of bacteria capable of attaching to starch is remarkably higher than that of incapable bacteria. Accordingly, this shows that the bacteria which are apt to attach to starch play an important role in the actual course of starch digestion in the rumen and they are prominent members among the predominant groups of bacteria involved in the starch digestion. It may be presumed that the attachment of bacteria to starch granules makes a convenient condition for their amylase to act on them efficiently and for the attached bacteria to utilize economically the products released from the granules by the amylase action. It is assumed that the prominent ability of attached bacteria in VOL. 22 starch degradation and the superiority of those in the utilization of their hydrolytic products are the important factors of assuring their ecological status in the rumen. In the present investigation only starch granules were examined for their value as an adsorbent for bacterial attachment. Our study will need further investigation in the attachment of rumen bacteria to cellulose powder or hay powder.
